A 3-year-old female fallow deer was subjected to the necropsy and virological testing, due to a suspected infectious disease in the herd of farmed deer in the Southeastern region of Poland. The animal was found negative for the presence of BVDV, BoHV-1, BTV, and EHDV antibodies and BVDV antigen. The toxicological examination did not reveal any coccidiostats, mycotoxins, rodenticides, carbamate pesticides, and organophosphorus pesticides. The flukes found during postmortem examination were first characterised microscopically as Fascioloides magna and later their identity was confirmed by PCR and sequencing. The autopsy revealed lesions characteristic for F. magna infection, including different size cystic spaces in the liver, filled with brownish mucous fluid and flukes, and black pigment covering the surface of parietal and visceral peritoneum with the highest concentrations localised next to the liver. The changes observed in the liver tissue were typical of liver cirrhosis. The results demonstrated that in Poland, where the cervid farming is developing dynamically, the problem of fascioloidosis is present and may probably exert a significantly negative influence on the productivity of such farms if no antiparasitic treatment is performed.
Introduction
Fascioloides magna (Bassi, 1875 , Ward, 1917 , also known as giant liver fluke, large American liver fluke, or deer fluke, is an important parasite of cervids and domestic ruminants. This species, which originated from North America, was introduced into Europe in the 19 th century, probably together with North American elk (wapiti) (Cervus canadensis). Despite the American origin, the parasite was described for the first time in Europe (in Italy) by Bassi (1) and was named Distomum magnum. When the morphological description was completed, the name was changed to Fasciola magna. Finally, a new genus was established and the current name, Fascioloides magna, appeared (18) .
In its life cycle, ruminants act as the final host in which the adult flukes localise in the liver in fibrous capsules. In favourable environmental conditions (water), a ciliated miracidium hatches from the eggs shed with animal faeces, and penetrates the body of a snail (family Lymnaeidae) which is an intermediate host. Then the following stages develop in the snail: sporocysts, rediae and cercariae. The parasites leave the host in the latter stage and encyst in the environment as metacercariae, which can be ingested by a definitive host. The main pathological changes connected with F. magna infection in ruminants include mechanical lesions of liver tissue caused by juvenile and adult flukes, which can lead to serious dysfunction of this organ.
The most common final hosts of the parasite in Europe are roe deer (Capreolus capreolus), red deer (Cervus elaphus), and fallow deer (Dama dama). The last two species are relatively popular as farm animals. The world leader in this production is New Zealand, with farms rearing about 2 mln cervids. F. magna infection, among other pathological factors, has a negative influence on the breeding. The presence of flukes is connected with significant losses in the body size, body weight, total number of antler points, and reproductive performance of infected deer (12) . The interest in cervid farming has recently rapidly increased in Poland as well. The number of farms in the country increased significantly from about 160 registered in 2006 to about 400 in 2010 (3). However, little data is available about the epidemiology of this parasite in Poland, and it concerns only wild deer (14, 19, 20) . This paper describes the first case of F. magna infection in fallow deer (Dama dama) in Poland and the first case of the infection in a farmed cervid in the country.
Material and Methods
Case description. A 3-year-old female fallow deer (Dama dama) was subjected to the necropsy and virological testing, due to a suspected infectious disease in the herd of farmed deer in the Southeastern region of Poland, neighbouring with Slovakia (Podkarpackie Province). The herd included approx. 500 fallow deer kept free-range at 50 ha of fenced grounds of fields and woods. For the purpose, the animal was culled by a certificated hunter in accordance with the Act of 13 October 1995 on the Hunting Law (Journal of Laws 2002, No 42, Item 372) in October 2013. Some unspecific clinical signs of chronic disease including weight loss, apathy, poor body and hair condition, and diarrhoea were observed in this herd for the last 2-3 years. Some animals independently of their age were suddenly developing the signs of dyspnoea only few hours before short agony and death. The water was supplied by a common waterhole. Although the observed mortality rate did not increase so significantly, the quantity and quality of meat declined, which prompted the owner to seek veterinary help. The microbiological testing for Streptococccus sp., Staphylococus sp., Enterobacteriaceae, and fungi of the tissues and intestines isolated from an earlier fatal case in the herd returned negative results.
Necropsy. During autopsy, tissue samples were collected for virological, toxicological, and histopathological examination, and parasites were collected for their identification. The serum was obtained by centrifugation (3000 × g, 10 min) of clotted blood samples collected from the large blood vessels and heart.
Histopathology. For histopathological examination, tissue samples of the liver, lungs, and kidneys were fixed in 10% neutral buffered formalin, routinely processed, embedded in paraffin blocks, and 5 µm sections were stained with haematoxylin and eosin (HE).
Parasitology. Six flukes found during the postmortem examination were obtained to identify their species. They were examined macroscopically and with the use of stereomicroscope (magnification 10-20×). The worms were preserved in 70% ethyl alcohol. Fragments of the parasites were taken for DNA isolation. Before isolation, each sample was cut and thoroughly mixed. The DNAs were isolated and purified with the use of a QIAamp DNA Mini Kit (Qiagen, Germany) according to manufacturer's instruction. The obtained DNA solutions were frozen (at about −20ºC) before PCR examination.
PCR. The parasites were identified based on the sequence of the internal transcribed region 2 (ITS-2) with the use of primers designed by Wobeser and Schumann (23), Kralova-Hromadova et al. (9) , and Bazsalovicsova et al. (2) . A PCR method was used, as described by Kasny et al. (7) with some modifications concerning reaction mixture and the time of amplification conditions. The amplification was performed in 50 μL reaction mixture containing: 20 pmol of each primer (specific for the F. magna -ITS-2), 200 μM of each dNTP (Fermentas, Lithuania), 2 U of Taq polymerase (Qiagen, Germany), 5 μL of 10× concentrated PCR buffer (Qiagen, Germany), 2.5 μL and 37.6 μL of DNase-free water (Fermentas, Lithuania), and 2 μL of DNA. The samples of DNAs were amplified in three variants: (1) undiluted, (2) diluted 1:10, and (3) diluted 1:100. Amplification proceeded on TProfessional thermocycler (Biometra, Germany) under the following conditions: denaturation step at 93ºC for 5 min, followed by 30 cycles with denaturation at 94ºC for 30 s, annealing at 55ºC for 30 s, extension at 72ºC for 60 s, and a final elongation at 73ºC for 10 min.
For the detection of a specific product (152 bp), 10 μL of PCR product was electrophoresed on 2% agarose gels using a Mini-SubCell GT chamber and Power Pac Basic (Bio-Rad, USA). After electrophoresis the gel was bathed in a 0.5% ethidium bromide solution and the results were visualised using GelDoc (Bio-Rad, USA) by means of Quantity One (Bio-Rad, USA) software.
Sequencing. The F. magna-positive PCR products were sequenced. The samples for sequencing were purified on Sephadex G-50 columns. Sequencing was performed using a BigDye TM Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, USA) on an ABI3730xl Genetic Analyzer (Applied Biosystems, USA). The sequenced data were analysed and compared with the GenBank data using BLAST searches.
Virological examination. The bluetongue virus (BTV)/epizootic haemorrhagic disease virus (EHDV) antibodies were tested in the serum using a commercial double-antigen ELISA (Ingezim BTV DR12.BTV.KO Ingenasa, Spain chlorfenvinphos, chlorpyrifos, diazinon, dichlofenthion, dichlorvos, ethion, etrimfos, fenchlorphos, fonofos, malathion, methamidophos, methacrifos, pirimiphos-ethyl, pirimiphos-methyl, propetamphos, sulfotep, dicrotophos, dimefox, dimethoate, disulfoton, fenitrothion, formothion, iodofenphos, malaoxon, mevinphos, omethoate, paraoxon, parathion-methyl, parathion, phosalone, pyrazophos, triazophos), coccidiostats (lasalocid, monensin, narasine, salinomycin, semduramycin, maduramycin) and mycotoxins (aflatoxins B1, B2, G1, and G2, zearalenone, deoxynivalenol, HT-2, T-2, sterigmatocystin) in liver samples. The LC-MS/MS system consisted of an Agilent Series 1200 HPLC system (Agilent Technologies, Germany) connected to a ABSciex API 5500 Qtrap mass spectrometer (PE Sciex, Canada). The Analyst 1.6.2 software controlled the LC-MS/MS system and processed the data.
Results
Parasitological findings. The isolated flukes were recognised morphologically as F. magna. The parasites were present in fibrous cysts visible in dissected liver. Flukes were large and thick and measured 50-55 mm × 24-32 mm. They were oval and with rounded posterior end (without the anterior cone). Two suckers (oral and ventral) were located close to each other -the oral sucker was located on the anterior end of the body, and the ventral sucker was below it (about 5 mm) (Fig. 1) . Numerous fluke eggs (yellowish, with small operculum, measuring 120-140 μm × 75-90 μm) were detected microscopically in the fluid collected together with the parasites. The PCR showed the positive results for DNA samples from all six flukes. The specific products for F. magna (152 bp) were visualised on the agarose gel after electrophoresis (Fig. 2) . The comparison of the sequencing results of the obtained amplicons with the GenBank database confirmed that the causative agent in all three cases was F. magna (sequences corresponding to F. magna ribosomal internal transcribed spacer 2 gene). Postmortem examination showed an enlarged pale grey liver with irregular grooves, fibrin, and scattered black irregular diffuse foci of black pigment on the surface (Fig. 3A) . On the cross-section of the liver, there were diffuse foci of black pigment and a lot of different size cystic spaces which were filled with brownish mucous fluid with oval, leaf-like, dark-red parasites about 50 mm × 30 mm in diameter. The pigmentation was also visible as black spots of different sizes on the omentum, peritoneum, pleura, and cranial part of the lung (Figs 3B, 3C ). In addition, the autopsy revealed serosal ecchymoses in the heart (Fig. 3D) , reticulum, omasum, and abomasum, as well as fibrin on serosa of the peritoneum, part of omasum, and abomasum.
Histological examination of the liver revealed a completely disrupted liver architecture due to extensive fibrous connective tissue proliferation both within the portal triads and liver, as well as Gilsson's capsule. The proliferating connective tissue strands were arranged concentrically around hepatic blood vessels, intrahepatic bile ducts, and penetrated the hepatic lobules dividing them into irregular pseudolobuli of different sizes. The walls of numerous hepatic blood vessels showed intimal and medial thickening due to proliferation of endothelial and smooth muscle cells, respectively.
In the proliferated connective tissue strands, numerous hyperplastic bile ductules of different diameter were observed. Certain bile ducts presented hyperplasia of biliary epithelium in the form of papillomatous projection of epithelium into the lumen with mucous metaplasia. Several bile ducts displayed necrosis and desquamation of the epithelial lining. Moreover, diffused extensive infiltrates were found within connective tissue, comprising of lymphocytes, histiocytes, eosinophils, and a lot of macrophages filled with brown pigment. The presence of this pigment was also visible free in the connective tissue and within macrophages localised between hepatocytes (Fig. 4A) . The liver parenchyma contained mostly regenerated hepatocytes, organised into pseudolobuli without a central vein. In addition, single parasitic cystic structures composed of thick connective tissue capsules with diffused inflammatory cells infiltration and giant cells located along their lumen were also observed.
Microscopic examination of the lungs revealed the thickening of the interalveolar septa due to fibrin exudes, red blood cells, and macrophages, filled with brown pigment and inflammatory cells. Proliferation and dilatation of blood vessels within pulmonary parenchyma was visible, including some vessels with thrombus and intimal fibrosis. Severe proliferation of smooth muscle cells around bronchiole was also noted. Focally massive inflammatory adventitia infiltration of blood vessels was observed (Fig. 4B) . Desquamation and necrosis of lining epithelium was found in several bronchi. Moreover, numerous marcophages filled with brown pigment and mononuclear cell infiltration were found in proliferated connective tissue of pleura. Histopathological re-examination of the kidney revealed only interstitial degeneration of cortex tubuli. In the liver samples, none of the analysed compounds were detected in concentrations above the limits of quantification of the method; organophosphorus pesticides:
bromophos-ethyl, carbophenothion, fenchlorphos, fenitrothion, parathion-methyl -50 µg/kg, methamidophos, iodofenphos, omethoate -25 µg/kg, chlorpyrifos, dichlofenthion, dichlorvos, ethion, etrimfos, fonofos, methacrifos, dimefox, disulfoton, formothion, malaoxon, paraoxon, parathion -10 µg/kg, azinphos-ethyl, azinphos-methyl, chlorfenvinphos, diazinon, malathion, pirimiphos-ethyl, pirimiphosmethyl, propetamphos, sulfotep, dicrotophos, dimethoate, mevinphos, phosalone, pyrazophos, triazophos -5 µg/kg; carbamate pesticides: aldicarb -25 µg/kg, dioxacarb -10 µg/kg, bendiocarb, carbaryl, carbofuran, propoxur -5 µg/kg; rodenticides: brodifacoum, coumatetralyl -50 µg/kg, chlorophacinone, diphacinone, flocoumafen, strychnine -25 µg/kg, bromadiolone, difenacoum, warfarin -10 µg/kg, coumachlor -5 µg/kg; coccidiostats: lasalocid, maduramycin, monensin, narasine, salinomycin, semduramycin -25 µg/kg; mycotoxins: deoxynivalenol, HT-2, T-2 -50 µg/kg, sterigmatocystin -25 µg/kg, aflatoxins B2, G1, and G2, zearalenone -10 µg/kg, and aflatoxin B1 -5 µg/kg.
Discussion
The article describes the first case of F. magna infection in farmed fallow deer (Dama dama) in Poland. The infection was described in Poland for the first time by Ślusarski (20) in free living deer (Cervus elaphus) hunted in the area of Śląskie Province in 1953. The next cases were diagnosed also by the same author in game deer from the area of Śląskie and Dolnośląskie provinces (described together with Fasciola hepatica) (19) . Since the taxonomic nomenclature was not fully confirmed yet at the time of the findings, Ślusarski described these flukes as Fasciola magna. The only further published data on F. magna infections in Poland involved fairly recent years (2013) (2014) , and also concerned game cervids (red deer) (14) . In this investigation, fluke eggs, which were identified by PCR and sequencing as F. magna, were found in a single sample among 75 faecal samples tested.
In some European countries, this parasite is detected relatively frequently in free living cervids. The surveillances in red deer population in Croatia performed between 2000 and 2003 showed the occurrence of F. magna eggs in 35%-54% of deer faecal samples (6, 15) . Similarly, in some regions of Austria the percentage of F. magna-positive samples from game deer barely exceeded 50% (21) . Furthermore, the presence of the parasite in this region was also confirmed by these authors in the intermediate host of Galba truncatula snails. Moreover, F. magna was reported in Hungary (10) and Slovakia (16) . Extensive surveys (20 different locations) performed in the Czech Republic showed its prevalence, ranging from 4% to 95% (depending on regions), in game and also in farm cervids (13) . Similarly as in our study, they reported the case of F. magna infection in farmed fallow deer. The problem with the occurrence of these flukes in farm cervids has been discussed in North America for many years. For example, 80% of adult North American elks (wapiti) from farms localised in Alberta (Canada) were found infected with F. magna during abattoir inspection in 1991 (22) . Moreover, 33% of the examined wapiti farms were F. magna positive some years later (1997) (8) .
Our report is the first to describe the case confirming the occurrence of F. magna in farm cervids in Poland. Taking into account the dynamic development of this branch of husbandry, such parasitic infection may also pose a real danger to domestic animals kept close to cervid farms. Livestock animals are non-specific hosts, and some of them (especially large ruminants and pigs) are regarded as dead-end hosts, meaning that in most cases these animals do not shed fluke eggs with faeces. However, this infection can put their health and life at serious risk. American researchers (5) described the occurrence of F. magna in pigs in South Texas (USA) in the areas where F. magna commonly occurred in whitetailed deer. The presence of this parasite was also serologically confirmed in three out of 50 examined cattle farms (17) . Foreyt (4) also confirmed that bighorn sheep are susceptible to F. magna infection and can die about half a year after exposure to infection. The case in cattle (steer) which died from fatal pulmonary haemorrhage associated with this infection was also recently described (23) .
Pathomorphological changes found during the necropsy in the case examined in the present study were common for F. magna infection (11, 13) . The changes observed in the liver were characteristic for liver cirrhosis caused by migration of flukes. However, the lesions in the lungs not only resulted from the migration of the parasites (black spot pigmentation, inflammatory infiltrates) but they also indirectly caused progressive hepatic failure (cirrhosis). These lesions (proliferation and dilatation of blood vessels, and proliferation of smooth muscle cells around bronchiole) were the effect of portopulmonary hypertension caused by pathological changes in the liver.
In conclusion, Fascioloides magna has been known in Europe for about a hundred years, but relatively little data is available on the infection in farm cervids. The results have shown that in Poland, where cervid farming is developing dynamically, the problem of fascioloidosis is present and could exert a significant influence on the productivity of such farms.
